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ORIGINAL ARTICLE

Demographic and Clinical Variation in Veterans Health
Administration Provision of Assistive Technology Devices to
Veterans Poststroke
Sandra L. Hubbard Winkler, PhD, OTR, Diane C. Cowper Ripley, PhD, Samuel Wu, PhD,
Dean M. Reker, PhD, RN, Bruce Vogel, PhD, Shirley G. Fitzgerald, PhD, William C. Mann, PhD,
Helen Hoenig, MD
ABSTRACT. Hubbard Winkler SL, Cowper Ripley DC, Wu
S, Reker DM, Vogel B, Fitzgerald SG, Mann WC, Hoenig H.
Demographic and clinical variation in Veterans Health Administration provision of assistive technology devices to veterans
poststroke. Arch Phys Med Rehabil 2010;91:369-77.
Objectives: To examine variation in provision of assistive
technology (AT) devices and the extent to which such variation
may be explained by patient characteristics or Veterans Health
Administration (VHA) administrative region.
Design: Retrospective population-based study.
Setting: VHA.
Participants: Veterans poststroke in fiscal years 2001 and
2002 (N⫽12,046).
Interventions: Not applicable.
Main Outcome Measure: Provision of 8 categories of AT
devices.
Results: There was considerable regional variation in provision of AT. For example, differences across administrative
regions in the VHA ranged from 5.1 to 28.1 standard manual
wheelchairs per 100 veterans poststroke. Using logistic regression, with only demographic variables as predictors of standard
manual wheelchair provision, the c statistic was .62, and the
pseudo R2 was 2.5%. Adding disease severity increased the c
statistic to .67 and the pseudo R2 to 6.2%, and adding Veteran
Integrated Network System further increased the c statistic to
.72 and pseudo R2 to 9.8%.
Conclusions: Our research showed significant variation in
the provision of AT devices to veterans poststroke, and it
showed that patient characteristics accounted for only 6.2%
of the variation. VHA administrative region and disability
severity accounted for equivalent amounts of the variation.
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Our findings suggest the need for improvements in the
process for providing AT and/or provider education concerning device provision.
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NVESTIGATORS STUDYING health care use (the amount
Ivariations
or pattern of usage of health care services) have found
in provision of health care services that were poorly

explained by the clinical characteristics.1,2 In particular, small
area variations research examines geographical variations in
health care, and it has led to important advances in the way
clinical services are provided.3 The field of assistive technology has great potential to benefit from such research. There is
marked variation in the costs of wheeled mobility devices, with
retail values ranging from around $300 for a basic manual
wheelchair4 to over $3000 for an ultra-lightweight wheelchair,5
while a specialized power wheelchair can cost upwards of
$29,000.6 Advances in technology in recent years have brought
highly dynamic prescribing practices for wheeled mobility
devices. The number of Medicare beneficiaries seeking reimbursement for power wheelchairs increased 189% over 4 years
(while the overall Medicare population rose only 1% a year
during that same period),7 and the VA experienced an increase
of 103% over 3 years.8 There is geographic variation in provision of wheelchairs and scooters provided by the VHA,
suggesting that some facilities may be overprescribing and
others may be underprescribing these devices.9 Similar geographic variation has been found in the provision of wheeled
mobility devices by Medicare.10 Little is known about the
factors underlying variation in provision of assistive technology devices.
Few studies have examined assistive device provision as
opposed to device use. Both are important, but studying device
provision is most critical for cost-containment and health care
policy. Rather than asking who is using the technology, in this
study and our prior studies, we ask if veterans receive the same
type/quality of technology across the VHA national system of
care. In an earlier study, we found minority subjects were more
likely to receive manual wheelchairs and white subjects more
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Fig 1. Map of VISNs.

likely to receive power wheelchairs and scooters.8 Diagnosis
also was a significant predictor of the type of wheelchairs and
scooters provided.8,11 Need for a wheelchair clearly can vary
with diagnosis and with severity of illness, both of which also
can vary with race,12,13 and there are well known differences in
demographic characteristics across geographic regions in the
United States. Administratively, the VHA has organized the
approximately 1127 VHA facilities into 21 administrative regions called VISNs (fig 1), which allow for study of regional
variations in health care delivery. Thus, a logical next step was
to determine whether severity of disability within a single
diagnosis or VHA administrative region accounted for the
variability in provision of assistive devices to veterans.
We carried out a retrospective study of a cohort of veterans who received care for a first stroke in the VHA during
FY01– 02 to answer 2 research questions: (1) Does provision of
specific types of assistive devices to veterans poststroke vary
by VHA administrative region? (2) Are demographic characteristics, clinical characteristics, or VHA administrative region
associated with the provision of specific types of assistive
devices?
METHODS
Study Design
This was a retrospective population-based cohort study. The
project was approved by the Kansas City VAMC, the VAMC
Pittsburgh, and the University of Florida/North Florida/South
Georgia Veterans Healthcare Systems Institutional Review
Boards (Human Subjects Subcommittees of the Research and
Development Committee).

Arch Phys Med Rehabil Vol 91, March 2010

Study Sample
Two national VA databases were used to identify the cohort:
the Integrated Stroke Outcomes Database14 and the Medical
SASa datasets. The Integrated Stroke Outcomes Database includes clinical and administrative data on a nationwide cohort
of patients who have been identified by VHA clinicians as
having a new stroke and who have been evaluated using the
FIM recorded in the Functional Status Outcomes Database.15
The Medical SAS datasets, generated from the National Patient
Care Database and housed at the Austin Information Technology Center,16 receive daily encounter data from VHA clinical
information systems including demographic information, the
date and time of service, the practitioners who provided the
service, the location where the service was provided, diagnoses, and procedures. To augment the Integrated Stroke Outcomes Database and ensure we captured all stroke cases in the
VHA during FY01– 02, we applied a high-specificity algorithm
developed and validated by investigators in a prior study17 to the
VHA Patient Treatment File main inpatient episodes of care. The
algorithm selected stroke patients using primary and secondary
International Classification of Diseases–9th Revision diagnosis
codes. The inclusion criterion was a first stroke during FY 01– 02
in the Integrated Stroke Outcomes Database and/or VHA Patient Treatment File. There were no exclusion criteria.
Once the study cohort was identified, a file of unique identifiers (1 per veteran) was created using scrambled Social
Security number. This file was used to collect existing data
from multiple other electronic information sources to complete
the study data set. Inpatient and outpatient use information and
diagnosis codes for comorbidity measurement were obtained
from VA Medical SAS database. Assistive technology data for
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3 fiscal years (FY01-FY03) were obtained from the National
Prosthetic Patient Database, housed at the VA Central Office
National Prosthetics and Sensory Aids Services for all veterans
in the study cohort.
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ans in this study who received assistive devices per FIM-FRG
group.
Demographic characteristics. Demographics for veteranrelated independent variables were taken from the National
Patient Care Database data as follows:

Operational Definitions
Outcome (dependent) variables. Categorization of assistive devices for this study was based on previous categorization
of wheelchairs and scooters using Healthcare Common Procedure Codes,8,9 developed through review of the literature,18-22 as
applied to all assistive devices provided by the VHA that are
included in the National Prosthetic Patient Database. The resulting
categories were (1) standard manual, or depot, wheelchairs; (2)
hemi and lightweight rehabilitation manual wheelchairs; (3) ultralight manual wheelchairs; (4) power wheelchairs; (5) scooters; (6)
orthotics, including ankle foot orthotics and knee foot orthotics;
(7) walkers, crutches, and canes; (8) beds; (9) patient lifts; (10)
devices for self care with ADLs (bathing, toileting, grooming,
and feeding, such as raised toilet seats, toilet seats with rails,
tub benches, adapted utensils, and so forth); and (11) wheelchair lifts and ramps. For each of these categories, our primary
analyses compare persons who received 1 or more devices with
those who received no device.

Age: calculated by subtracting date of birth from the index
stroke admission date
● Sex: male, yes/no
● Marital status: married, yes/no
● Race/ethnicity: defined according to the 6 National Patient
Care Database race categories of Hispanic black, Hispanic
white, American Indian, African American, Asian, and Caucasian; Caucasian was the referent for logistic regression analyses
● Service connection status: service-connected, yes/no
Rehabilitation. The rehabilitation variable, from the Integrated Stroke Outcomes Database, denotes whether the veteran
received specialized in-patient rehabilitation services in an
acute or subacute rehabilitation bedservice unit with dedicated
beds.
Nursing home admission. The nursing home admission
variable, from the Integrated Stroke Outcomes Database, denotes whether the veteran was admitted for treatment of their
index stroke from a nursing home.

Independent Variables
VHA administrative region. The 1995 Plan to Restructure the
VHA organized the approximately 1127 VHA facilities into 21
administrative regions, or VISNs, based on geographic proximity and
long-standing clinical relationships (see fig 1). A VISN may include
more than 1 state (eg, in New England), and large states (eg, Texas)
may be in more than 1 VISN. The referent VISN for each logistic
regression was determined as follows: the mean number of devices
provided per veteran by each VISN was calculated for each of the 11
categories of devices. The median VISN, according to the number of
devices per veteran for each VISN, became the referent VISN for that
particular device.
Severity of disability. The FIM-FRG system23-26 was used to
control for severity of disability. The FIM-FRG system is a
case-mix adjustment methodology that classifies patients at the
time of admission to facilitate prediction of length of stay and
functional outcomes. The FIM-FRG system allows comparison of
outcomes across impairment groups and levels of functional severity.24 Figure 2 shows the 9 FRGs and the percentage of veter-

Analyses
To answer research question 1, “Does provision of specific
types of assistive devices to veterans with stroke vary by VHA
administrative region? (ie, VISN)?” we calculated the mean
number of devices per veteran by VHA administrative region
(VISN) and the proportion of veterans who were provided
devices, per device category, within each VISN. z Scores and
their corresponding P values were used to determine whether
provision at the VISN level was significantly different from
provision at the national level, per device category. To correct
for multiple device categories, statistical significance was determined based on the Hochberg27 step-up procedure. Using
Geographic Information Systems tools, 1 map was created for
each device category to show the provision of device by VISN.
To address research question 2, “Are demographic, clinical
characteristics, or VHA administrative region (VISN) associated with provision of devices?” we performed bivariate comparisons followed by multivariate logistic regression. Bivariate
tests compared veterans who received and did not receive
assistive devices for each of the demographic and clinical
characteristics, using t tests for comparison of mean values and
chi-square test for categorical comparisons. We used logistic
regression for the multivariate regressions based on work by
Biddiss and Chau,28 who compared 3 multivariate methods
(logistic regression, neural net, decision tree approaches) to
examine prosthetic device use. They found similar results with
linear and nonlinear methods (logistic regression and neural
net, respectively) for overall accuracy, and they noted that the
results with logistic regression are more easily interpreted and
more widely accepted. Three logistic regression models were
fitted and run for 8 of the 11 device categories. Logistic
regression models predicting the any versus no provision of a
device were not carried out for the following devices: (1)
devices used for ADLs, because all veterans received at least 1
such device (mean ⫾ SD, 1.4⫾0.3); (2) wheelchair lifts, because of the strong correlation between wheelchairs and wheelchair lifts; and (3) ultralight manual wheelchairs, because very
few ultralight manual wheelchairs were provided (62 such
wheelchairs provided across the entire nation). For the 3 sequential regression models, the outcome variable was any
versus no provision of device. For model 1, the predictor

Fig 2. How FIM motor and cognitive scores and age of subjects
poststroke are used to derive the 9 FRG categories. The last column
shows the percentage of veterans in this study who received assistive devices per FRG category.

●
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Table 1: Demographic and Clinical Characteristics

Variable

No. of unique veterans
Sex
Male
Female
Missing
Race
Hispanic, white
Hispanic, black
American Indian
Black
Asian
White
Missing
Age (y), mean ⫾ SD
Missing
Service-connected
Yes
No
Missing
Married
Yes
No
Unknown or missing
Severity of disability
FRG 1
FRG 2
FRG 3
FRG 4
FRG 5
FRG 6
FRG 7
FRG 8
FRG 9
Missing

Cohort

Received
Device
From VHA

Received
no Device
From VHA

12,046 (100)

4842 (40)

7204 (60)

11,799 (98)
247 (2)

4745 (98)
97 (2)
0

7054 (98)
150 (2)

919 (8)
77 (⬍1)
48 (⬍1)
2602 (22)
53 (⬍1)
9243 (69)
104
68⫾11

295 (6)
28 (⬍1)
12 (⬍1)
988 (21)
17 (⬍1)
3417 (72)
75
69⫾11
0

624 (9)
49 (⬍1)
36 (⬍1)
1604 (22)
36 (⬍1)
4826 (67)
29
68⫾12

3329 (28)
8717 (72)

1218 (25)
3624 (75)
30

2111 (29)
5093 (71)

6055 (51)
5923 (49)
68

2229 (46)
2583 (54)
30

3694 (52)
3472 (48)
38

1224
540
335
663
492
524
619
334
705

947 (77)
326 (60)
268 (80)
563 (85)
422 (86)
414 (79)
399 (64)
262 (78)
345 (49)
6610

277 (23)
214 (40)
67 (20)
100 (15)
70 (14)
110 (21)
220 (36)
72 (22)
360 (51)

NOTE. Values are numbers and percentages unless otherwise indicated.

variables included only demographic and clinical characteristics—that is, age, sex, service connection, marital status, race/
ethnicity, and whether the veteran received inpatient rehabili-

tation. Model 2 included severity of disability (FIM-FRG) in
addition to variables in model 1. Model 3 was the same as
model 2 except VHA administrative region (VISN) was added.
Two covariates were included in all models: whether the veteran was admitted from a nursing home and whether the
veteran died; these variables were included to account for
severity of illness. SAS version 8.2a was used for all analyses.
RESULTS
Table 1 characterizes the entire population-based cohort of
this study (veterans hospitalized in the VHA for stroke during
FY01–FY02) and compares veterans who received devices
from the VHA only with veterans who did not receive any
assistive devices, according to demographic and clinical characteristics. These exploratory, bivariate analyses showed that
race, age, marital status, service connection, and stroke severity
each were significantly (P⬍.001) related to device provision,
but sex was not. Although statistically significant, the actual
differences in device provision according to demographic characteristics were relatively small. For example, 69% of the
overall veteran population was white, and 72% of those receiving devices were white, whereas, 22% of the overall veteran
population was black, and 21% of those receiving devices were
black— differences of only 1% to 3%. In contrast, the differences in device provision according to FIM-FRG were statistically significant, and they were large. For example, 85% of
persons with moderate disability (FIM-FRG 4) received 1 or
more devices, compared with less than 50% of persons with the
lowest category of disability (FIM-FRG 9). The greatest proportions of veterans receiving assistive devices were in FIMFRG 4 and FIM-FRG 5, followed by veterans in FIM-FRG 3,
FIM-FRG 6, FIM-FRG 8, and FIM-FRG 1.
Table 2 shows descriptive data on provision of the various
categories of devices. Diverse mobility devices were provided,
ranging from .65 canes/walkers/crutches per veteran poststroke
to .02 power wheelchairs per veteran (ie, 65 of every 100
veterans poststroke received a gait aid, but only 2 in 100
veterans got a power wheelchair). Veterans poststroke received
a mean of 1.4 ADL devices with a SD of 0.3. Within ADL
devices, reachers, long-handled bath sponges and shoe horns,
and sock aids and dressing sticks, respectively, were the most
frequent dressing, grooming, and kitchen aid devices provided,
respectively; the most frequent bathroom devices were tub
benches, shower chairs, grab bars, raised toilet seats, and toilet
rails (supplemental fig 3).

Table 2: Mean Number of Devices Provided per Veteran With SD and Scale for Mappings in Figure 3 in Devices
per 100 Veterans for Each Category of Device
Devices per 100 Veterans
Quartiles
Device

Mean ⫾ SD

Lower 25%

Middle 50%

Upper 25%

AFO/KFO
Walker/cane/crutch
Beds
Patient lifts
Standard manual wheelchair
Hemi/lightweight manual wheelchair
Power wheelchair
Scooter
ADL (mapping appendix only)
Total devices per veteran (mapping not shown)

0.14⫾0.48
0.65⫾0.08
0.13⫾0.04
0.05⫾0.03
0.17⫾0.07
0.09⫾0.03
0.02⫾0.01
0.02⫾0.01
1.42⫾0.33
2.71⫾0.46

4.5–6.8
48.5–59.4
6.5–8.6
1.6–3.1
5.1–13.3
4.5–6.9
0–1.0
0.3–1.1
0.7–1.2
1.6–2.5

6.9–10.8
59.5–69.5
8.7–16.5
3.2–6.2
13.4–22.4
7.0–10.9
1.1–2.3
1.2–2.8
1.3–1.5
2.6–2.9

10.9–17.1
69.6–76.7
16.6–22.6
6.3–12.2
22.5–28.1
11.0–12.6
2.4–3.9
2.9–4.7
1.6–2.1
3.0–3.6

Abbreviations: AFO, ankle foot orthotic; KFO, knee foot orthotic.
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Fig 3. Shading indicates use patterns by quartile, per VISN, per device. Light shading, 0% to 25% quartile; medium shading, 25% to 75%
quartiles; dark shading, 75% to 100% quartile. Symbols indicate VISNs with use patterns significantly different than the national mean after
adjusting for demographic and severity of disability factors. Star indicates significantly more devices; octagon indicates fewer devices.
Abbreviations: AFO, ankle foot orthotic; KFO, knee foot orthotic.

Figure 3 is a mapping that shows the provision pattern (z
score results) of 8 of the 11 AT device categories (the device
categories on which we also did multivariate modeling;
information on all devices available on request from the
authors). The maps show the VHA regions (VISNs) that

were in the upper 25%, middle 50%, and lower 25% quartiles for provision of devices per 100 veterans (see table 3
for specific values pertaining to the various quartiles for
each device). The shading in figure 3 shows the quartiles
from z score analyses (research question 1). The symbols
Arch Phys Med Rehabil Vol 91, March 2010
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Table 3: Significant Logistic Regression Results for Standard Manual/Depot Wheelchairs
Model 1
Demo Only
No. Used⫽11,978
Depot ⫽ Yes, No.⫽2063

Pseudo R2
c Statistic

.025
.620

Model 2
Demo ⫹ FRG
No. Used⫽5489
Depot ⫽ Yes, No.⫽1220

.062
.670

OR

CI

1.01
1.65
1.27
1.23
2.01

1.01–1.02
1.41–1.94
1.13–1.43
1.11–1.37
1.77–2.29

Model 3
Demo ⫹ FRG ⫹ VISN
No. Used⫽5489
Depot ⫽ Yes, No.⫽1220

.098
.716

OR

CI

1.57
1.22
1.18
1.28
4.30
3.65
4.91
4.18
3.70
2.24

1.24–1.99
1.04–1.43
1.02–1.36
1.11–1.48
3.26–5.69
2.59–5.13
3.44–7.01
3.09–5.65
2.69–5.10
1.69–3.26

OR

CI

IV
Age
Hispanic
Black
Service-connected
Rehabilitation
frg1
frg2
frg3
frg4
frg5
frg6
frg8
frg7
visn1
visn4
visn6
visn8
visn9
visn10
visn16
visn17
visn20
visn21
visn22

NS

NS

1.21
4.61
3.77
5.13
4.32
3.95
2.42
3.30
1.48
0.20
0.41
1.60
1.98
2.40
0.29
1.45
1.68
2.30
0.47
1.54

1.03–1.42
3.47–6.13
2.66–5.34
3.56–7.38
3.17–5.87
2.85–5.48
1.73–3.38
1.80–6.07
1.04–2.09
0.09–0.43
0.24–0.71
1.07–2.40
1.37–2.86
1.64–3.51
0.13–0.62
1.05–2.00
1.03–2.74
0.17–0.51
0.26–0.84
1.04–2.26

Abbreviations: CI, confidence interval; NS, not significant; OR, odds ratio.

show those areas that were still significantly different from
the national mean in our multivariate regressions, which
adjusted for demographics and disability severity (research
question 2). In general, the shaded areas suggest the northeast
VISNs tended to provide fewer devices than the northwest and
southeast VISNs. Not only were the regional differences in
device provision statistically significant, many of them were
proportionately large and therefore clinically significant. For
example, the rate of standard manual wheelchairs provided per
100 veterans ranged from 5.1% to 28.1% across VISNs (see
table 2). The relationship (unadjusted) between the provision of
standard manual and hemi and lightweight rehabilitation
wheelchairs was reciprocal for 4 VISNs—that is, 4 VISNs
provided significantly fewer low-quality standard or depot
manual wheelchairs but provided significantly more betterquality lightweight manual rehabilitation wheelchairs.
The multivariate analyses examine to what extent these
differences in device provision may be accounted for by VHA
administration region, demographic, or clinical characteristics.
For most device categories, adjusting for demographics and
severity of disability decreased the number of VISNs whose
provision was significantly different from the national mean,
but it did not eliminate all VHA regional differences. For
example, for beds and walkers, canes, and crutches, prior to
adjusting, there were 14 VISNS with provision patterns that
were significantly different than the referent VISN (data not
shown; available on request from authors), but after adjusting
Arch Phys Med Rehabil Vol 91, March 2010

for demographics and severity of disability, there remained 2
VISNs that were significantly different. The device with the
greatest VHA regional variation, and that was least explained
by controlling for severity of disability and demographics, was
wheelchairs, particularly standard manual wheelchairs. After
adjusting for covariates, statistically significant differences
were present in 5 VISNs for low-cost wheelchairs and 11
VISNs for standard manual/depot wheelchairs (see fig 3). Significant results from the sequential logistic regression models
for standard manual/depot wheelchair are shown in table 3.
Table 3 shows that a model predicting provision of a standard manual wheelchair with only demographic variables
(model 1) had a c statistic of .62 and a pseudo R2 of 2.5%,
which indicates that the model is only 12% better than chance
and that it accounts for little more than 2% of the variability in
device provision. Adding disability severity to the model
(model 2) increased the c statistic to .67, and the pseudo R2
increased to 6.2%. The odds ratios for the various demographic
characteristics did not change substantively with the addition of
disability severity; but for rehabilitation, the odds ratio changed
from 2.01 to 1.28. This indicates that disability severity accounts for nearly half of the relationship between receiving
inpatient rehabilitation and receiving a manual wheelchair.
Adding VISN into the model (model 3) increased the c statistic
to .72, and it further increased the pseudo R2 to 9.8%. Thus, the
sequential regression models show that patient-related factors
(diagnosis, demographics, severity of disability) accounted for
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Table 4: Confusion Tables Showing the Predicted Versus Actual
Device Provision for the Sequential Models at Probability
Equal to .22
Device Provision
Predicted

Model 1
Model 2
Model 3

Actual

Yes

No

Yes
No
Yes
No
Yes
No

545
4103
905
2046
886
1720

1518
8512
315
2223
334
2549

Predicted Value
Sensitivity Specificity Positive Negative

.26

.67

.12

.85

.74

.52

.31

.09

.73

.60

.34

.88

NOTE. Model 1, only demographic predictors. Model 2, demographic ⫹ severity of disability predictors. Model 3, demographic ⫹
severity of disability ⫹ region predictors.

only 6.2% of the variation in provision of assistive devices, and
adding VHA administrative region improved the performance
of the model to an extent equal to severity of disability.
Collinearity implies a lack of independence between regressors and can lead to biased estimates with inflated errors. Using
the SAS “PROC REG” options for examining collinearity
(COLLIN⫽collinearity diagnostics, VIF⫽Variance Inflation
Factor, TOL⫽tolerance), we found collinearity not to be a
cause for concern.29 Model 3, when used to classify patients as
receiving or not receiving a device, has the following performance: sensitivity equal to .73, specificity equal to .60, positive
predictive value equal to .34, and negative predictive value
equal to .88. Table 4 presents these values for models 1 and 2,
as well as the predicted versus actual number of veterans who
were provided assistive devices.
DISCUSSION
The provision of assistive devices should be based on the
patient’s health needs. That makes good clinical sense and
good policy. We found over 5-fold differences across the VHA
in provision of manual wheelchairs, and the variability was
present for diverse types of assistive devices. Wolff et al10
found similar geographic variation in mobility-related devices
provided to Medicare beneficiaries. Beneficiaries residing in
the South were 4 times as likely as those in the Midwest to
acquire a power wheelchair. Such dramatic variation in health
care is important from both a clinical and policy perspective.30
What, then, might account for this variation in provision of
assistive devices? The extent of the variation in wheelchair
provision in this population, which was limited to veterans with
new-onset stroke, was similar to that seen for wheelchairs in
our prior study, which included multiple diagnoses.31,32 Thus,
diagnosis per se does not account for the wide variations
assistive device provision. Nor were we able to account for
much of the variation in device delivery by VHA administrative region or patient-level factors such as demographic characteristics or severity of disability. Other possibilities include
system-level factors such as device-related factors, small area
variations in the skills of the providers or the skills of the
providers1,33-36 or facility policies and procedures,33 and/or
community level environmental or socioeconomic factors.
Our data suggest that an underlying cause of the variability
may be device-related. The geographic variations for beds and
patient lifts were similar to one another and differed from those
for the mobility-related devices. We saw inverse relationships
between low-cost manual wheelchairs compared with hemi/
lightweight manual wheelchairs. One possibility that might
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account for this inverse relationship is regional differences in
the importance clinical leaders and policy-makers place on
research showing that ultralight manual wheelchairs may be
more durable than standard manual wheelchairs.37 Ultralight
manual wheelchairs tended to be provided to veterans with most
severe disabilities (FRG 1). Clinical leaders and policy-makers
may differentially influence local practices for providing
lighter-weight wheelchairs to decrease caregiver burden or to
prevent secondary complications from manual wheelchair propulsion seen in full-time wheelchair users.38,39
Another possibility relates to the providers involved in the
prescription process. Our findings are consistent with those of
Ashton et al,40 who found significant geographic variations in care
provided by VHA facilities—variation that they attributed to regional differences in physicians’ opinion of the best approach to
health care. Recent investigators have found variations in health
care delivery related to differences among providers in their
propensity to intervene in gray areas of decision-making, with
physicians in high-spending regions seeing patients back more
frequently and recommending screening tests of unproven benefit and discretionary interventions more often than physicians
in low-spending regions.41 Others have found physician specialty to be an important predictor of prescription practices.42
Sung et al43 found that uses of surgery versus medication to
treat benign prostatic hypertrophy varied inversely with one
another across geographic areas—a finding very similar to ours
for standard manual wheelchair versus hemi and lightweight
wheelchairs. Within the VHA, both primary care providers and
rehabilitation therapists can prescribe diverse assistive devices.
For most primary care providers, training during medical
school and residency in prescription of assistive technology has
been quite limited.44 To the extent that availability of rehabilitation therapists differs across VA facilities,45 site-specific
differences in therapist availability could affect the frequency
with which particular devices are provided.
Another important possibility that warrants further investigation
is the role of the physical environment and/or regional differences
in community-level socioeconomic factors. There are important
differences in the physical environment across the United States
that may well affect use of assistive devices—notably, weather in
Northern versus Southern regions, the built environment in rural
versus urban areas, and housing attributes. Neighborhood environment can affect physical activity among persons with spinal
cord injury.46 We also know that the home environment can
be particularly problematic for stroke survivors who use
wheelchairs.47 One recent study showed that communitylevel socioeconomic factors such as labor force participation
and per capital gross domestic product predict independence
in ADLs at the individual level, perhaps by affecting caregiver availability or support, which in turn would affect the
need for particular types of assistive technology.48 We know
of no studies examining the impact of environmental and
community-level factors on assistive technology provision.
Our findings differ from prior studies that found significant
relationships between demographic factors and use of assistive
devices.49-54 In part, this may be a result of our focus on
provision as opposed to use, but more likely, it is a result of
controlling for disability severity and VHA administrative region. Our initial model showed that demographic characteristics were correlated with device provision, but that relationship
was no longer significant once disability severity and VISN
were added to the model. Although it is reassuring that demographic characteristics do not determine device provision, the
amount of variation accounted for by disability severity was
equivalent to the amount of variation accounted for by VHA
administrative region, and we believe that need caused by
Arch Phys Med Rehabil Vol 91, March 2010

376

ASSISTIVE TECHNOLOGY STROKE, Hubbard Winkler

physical disability should be the primary driver of device
prescription.
Limitations and Future Research
The associated pseudo R2 value of our statistical model is
only 9.8%, suggesting that demographic and clinical characteristics and VHA administrative region are only modestly
successful at discriminating between those who did and did not
receive a standard wheelchair. Although we controlled for
VISN, these are VHA administrative regions, and they cut
across geographic characteristics such as urbanicity, terrain,
and weather that could affect device provision. The administrative data did not allow us to control for social circumstances
such as housing or caregiver availability. We did not examine
site-specific factors like rehabilitation staffing. We did not
distinguish between walkers and canes, and neither did we
examine specific types of devices used for self-care. There may
be important differences in use among subcategories of these
devices—for example, trade-offs in use of walkers versus
canes, or variability in coprescription of bathroom devices such
as raised toilet seats and bathtub benches.
This was a cross-sectional study during FY-01 and FY-02,
which limits attribution of causality to the relationships we
found. In addition, provision patterns in fiscal years 2001 and
2002 may not represent provision patterns in 2008. The population was veterans and 96% male, limiting generalization to
the nonveteran population. Last, only device provision was
measured, and we do not know the extent to which the prescribed devices were actually used. While the limitations in the
study are substantive, they serve to point the direction for
future research to help understand the very high variability our
study showed in provision of assistive technology to veterans
with comparable levels of physical disability poststroke.
CONCLUSIONS
Our research identified substantive variation in the provision
of assistive devices to veterans poststroke, and we found that
neither demographic/clinical characteristics nor VHA administrative region accounted adequately for the variation. The
VHA is a national health care system and, theoretically, veterans should have equal access to assistive devices regardless
of where they live. Ensuring equal access will require directed
research to improve the evidence base for assistive technology
prescription and practices. It also will require policies and
clinical education that consider ongoing technological advances, the increasing diversity in the devices themselves, and
the breadth of personnel involved in assistive technology delivery.33
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Supplemental Fig 3. Shading
indicates use patterns by
quartile, per VISN, per device.
Light shading, 0% to 25%
quartile; medium shading,
25% to 75% quartiles; dark
shading, 75% to 100% quartile.
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